Background and Purpose-Recovery of patients within the first 6 months after stroke is well documented, but there has been little research on long-term recovery. The aim of this study was to analyze functional and motor recovery between admission to rehabilitation centres and 5 years after stroke. Methods-This follow-up of the Collaborative Evaluation of Rehabilitation in Stroke Across Europe study, included patients from 4 European rehabilitation centres. Patients were assessed on admission, at 2 and 6 months, and 5 years after stroke, using the Barthel Index, Rivermead Motor Assessment Gross Function, Leg and Trunk function, and Arm function. Linear mixed models were used, corrected for baseline characteristics. To account for the drop-out during follow-up, the analysis is likelihood-based (assumption of missingness at random). Results-A total of 532 patients were included in this study, of which 238 were followed up at 5 years post stroke. Mean age at stroke onset was 69 (±10 SD) years, 53% were men, 84% had ischemic strokes, and 53% had left-sided motor impairment. Linear mixed model analysis revealed a significant deterioration for all 4 outcomes between 6 months and 5 years (P<0.0001). Scores at 2 months were not statistically significant different from scores at 5 years after stroke. Higher age (P<0.0001) and increasing stroke severity on admission (P<0.0001) negatively affected long-term functional and motor recovery. Conclusions-Five-year follow-up revealed deterioration in functional and motor outcome, with a return to the level measured at 2 months. Increasing age and increasing stroke severity negatively affected recovery up to 5 years after stroke.
F unctional disability and motor impairments are important concerns post stroke, therefore improving functional and motor outcome is one of the main goals of stroke rehabilitation. 1 Most recovery is seen in the first weeks after stroke, with the recovery slope reaching a plateau between 3 and 6 months. 2, 3 It remains unclear whether early improvements can be sustained long term after stroke. Knowledge of long-term outcomes after stroke rehabilitation is important for the optimization of patient management. Studies on long-term outcome after stroke are few. Most studies are community-based, 4, 5 some focus on mortality rates, 6 or others use broad outcome measures, such as being functionally (in)dependent. 7 Long-term functional and motor recovery patterns, measured between admission to rehabilitation and several years after stroke, have received less attention. Two studies with small sample sizes showed a small deterioration between discharge from rehabilitation and several years of follow-up.
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motor scores between discharge from a geriatric rehabilitation unit and 3-year follow up. Other studies have identified patient characteristics or clinical variables that predicted which individuals were susceptible to deterioration of outcome several years after stroke rehabilitation. 10, 11 Several studies have shown that women have a less favorable outcome after stroke than men. 12, 13 Women have more physical impairments and limitations in activities of daily living (ADL) up to 1 year after stroke. 12 A recent systematic review 13 showed that these sex differences persist several years after stroke with women generally having worse functional outcomes, more restrictions in participation, and lower health-related quality of life in the long term after stroke. Furthermore, there is strong evidence that age and stroke severity on admission are significantly associated with functional outcome after 3 months post stroke.
14 Another important factor influencing stroke recovery is stroke pathogenesis. Strokes can be broadly classified as intracerebral hemorrhage (ICH) or cerebral infarction. ICH is associated with a higher risk of death and worse initial functional and motor performance than cerebral infarction, but it is generally alleged that ICH survivors have better neurological and functional recovery than patients having cerebral infarction. 15, 16 However, it remains unclear whether the better recovery of ICH patients is sustained in the long-term after stroke.
The aim of this study was to analyze functional and motor recovery in a sample of European stroke rehabilitation patients between admission to rehabilitation centres and 5 years after stroke. In addition, the influence of different patient characteristics on long-term outcome was evaluated. We hypothesize that patients significantly improve in functional and motor performance during the first months after stroke, which will be followed by deterioration in functional and motor outcome during the years of follow-up. Furthermore, we hypothesize that increasing age and stroke severity negatively affect outcome, and that women have a less favorable outcome compared with men. Finally, we hypothesize that patients having an ICH have better functional and motor recovery up until 5 years after stroke than patients having cerebral infarction.
Materials and Methods

Study Design, Setting, and Participants
This prospective cohort study is a follow-up of the Collaborative Evaluation of Rehabilitation in Stroke Across Europe (CERISE) project. The project compared stroke care and recovery between 4 European rehabilitation centres 17 : University Hospital, Leuven, Belgium; Nottingham University Hospitals, Nottingham, United Kingdom; RehaClinic, Zurzach, Switzerland; and Fachklinik, Herzogenaurach, Germany. In each center, inpatient multidisciplinary care was provided in a stroke rehabilitation unit. Patients were recruited using the following inclusion criteria: (1) first-ever stroke as defined by World Health Organization (WHO) 18 ; (2) age 40 to 85 years; and (3) scores on Rivermead Motor Assessment 19 : Gross Function (RMA-GF) ≤11, or Leg and Trunk function (RMA-LT) ≤8, or Arm function (RMA-A) ≤12. These cutoff scores were chosen when designing the original CERISE project. Because the aim was to document motor and functional recovery over time, only patients with at least a minimal motor impairment on admission to the rehabilitation center were included. The exclusion criteria were: (1) other neurological impairments with permanent damage; (2) stroke-like symptoms attributable to subdural hematoma, tumor, encephalitis, or trauma; (3) admission to the center >6 weeks post stroke; (4) no informed consent; and (5) prestroke Barthel Index (BI) 20 <50. The study was approved by the ethics committee for each center.
Measurement
A trained assessor in each center collected all data. The assessors, all qualified as physical therapist or occupational therapist, were trained in the use of the clinical scales. A manual was provided to ensure standardization. For the follow-up study, the same assessors were involved. The project manager (L.D.W.), a trained physical therapist, visited each center several times both during the data collection of the initial CERISE project and long-term follow-up study. During these visits, several patient assessments were performed together with the assessor in each center, and feedback was provided. In that way, standardization was ensured. Functional and motor outcome were assessed on admission to the center, at 2 and 6 months, and at 5 years after stroke with the BI, RMA-GF, RMA-LT, and RMA-A. Functional outcome was assessed using the BI, 20 a scale consisting of 10 items with a score ranging from 0 to 100 (maximum), corresponding to complete independence in basic personal ADL. Adequate reliability and validity of the BI have been reported. 21 The RMA 19 assesses motor performance and consists of 3 sections (RMA-GF, -LT, and -A) in which test items are ordered hierarchically. The items are scored dichotomously (0-1). Maximum scores for each section are 13, 10, and 15, respectively, with a higher score reflecting better motor performance. The RMA has adequate psychometric properties. 22 On admission to the rehabilitation center, several variables were documented: age, sex, stroke pathogenesis (ICH or cerebral infarction), side of motor impairment, urinary incontinence, swallowing problems, and severity of stroke (score on the National Institute of Health Stroke scale [NIHSS] 23 ). In addition, comorbidities were recorded, including history of myocardial infarction, hypertension, atrial fibrillation, coronary heart disease, diabetes mellitus, and hyperlipidemia.
In this follow-up study, which was conducted between May 2008 and June 2009, patients were contacted at 5 years after stroke. The process of locating patients for the follow-up study was different for all centers, according to the ethics committee requirements. In Belgium and Switzerland, patients were recontacted by telephone, whereas in Germany and the United Kingdom, patients received a letter. If patients did not answer this letter, death registers were used to determine whether patients were still alive. Patients provided written consent for this follow-up study. Assessments took place at the patients' current residence. Besides RMA-GF, RMA-LT, RMA-A, and BI, also the occurrence of recurrent strokes were documented. This last information was obtained by interviewing the patient and if necessary, relatives or caregivers. Before the start of the long-term follow-up study, a workshop was organized to retrain all researchers in the use of the clinical scales.
Statistical Analysis
Patients' clinical and demographic characteristics at baseline are presented as frequencies with percentages, means with SD, and medians with interquartile range (IQR), as appropriate. To account for the dropout during follow-up, the analysis is likelihood-based and therefore valid when the drop-out pattern is at random (missingness at random [MAR] ). MAR means that missingness may depend on observed data but, conditional thereupon, not on unobserved data. MAR implies that missingness does not depend on the unobserved value after controlling for other variables in the model or previous observations of the outcome. 24 Therefore, estimates of the recovery patterns are based on data from all patients initially included in the CERISE project. Linear mixed models were used for the estimation of the recovery patterns, with the test score as response variable, and time, outcome measure, and their interaction, evaluated in the explanatory model. Corrections in the model were made for baseline patients' characteristics: age, sex, stroke severity, and stroke pathogenesis. Correlations between repeated measures because of the longitudinal and multivariate aspect were modeled by a fully unstructured residual covariance matrix. In the by guest on May 16, 2017 http://stroke.ahajournals.org/ Downloaded from analysis, time was modeled as a 4-level categorical variable. Patients were assessed on average at 5.62 years post stroke (SD±0.63). To deal with the variability in the time of the long-term follow-up, a continuous variable delta (equal to the deviation of the long-term follow-up time from 5 years) was additionally modeled. Nonlinear trends (quadratic, cubic splines-based trends) for delta were tested using a likelihood ratio test. Consequently, estimates are displayed for exactly 5 years of follow-up. In all models, a random intercept was modeled to account for clustering by center. Differences in test scores between time points will be tested on both statistical and clinical significance. A change in RMA score per section of <2 points is considered as within the limits of measurement error, 10 corresponding to <13%, 15%, and 20% of the total score of RMA-A, -GF, and -LT, respectively. A change in BI score of <10 points is considered as not reaching the minimal clinical important difference. 25 To evaluate the influence of age, sex, stroke severity, and stroke pathogenesis on the recovery patterns, interaction effects were calculated with the different outcome measures. Recovery patterns are graphically presented for mean age at stroke onset and mean stroke severity on admission. All tests were 2-sided, a 5% significance level was assumed for all tests. Holm (Bonferroni step-down) correction was applied to deal with multiple testing. All analyses were performed using SAS software, version 9.3 of the SAS System for Windows, SAS Institute Inc, Cary, NC.
Results
A total of 532 patients were included in the CERISE study. Figure 1 shows the study flowchart from admission to the rehabilitation center up to the 5-year follow-up, including details on the drop-out rate. At the time of follow-up, 365 patients were still alive, of whom 238 were willing, and able to participate in the follow-up assessment.
Patients' clinical and demographic characteristics at baseline are shown in Table 1 . This is provided for the whole group of patients who were included in the analysis (n=532), for patients assessed at 5-year follow-up (n=238), and for patients alive at 5-year follow-up, but unable or unwilling to participate (n=127). For the patients who entered the analysis, mean age at stroke onset was 69 years (SD, 10) and 53% of the patients were men. A total of 84% of the patients having an ischemic stroke, and the median NIHSS score on admission was 6 of 42 (IQR, 3-10). Initial median BI score was 55 of 100 (IQR, 30-80), median RMA-GF score was 5 of 13 (IQR, 1-9), median RMA-LT score was 6 of 10 (IQR, 2-8), and median RMA-A score was 4 of 15 (IQR, 1-11). Of the 238 patients participating in the long-term follow-up assessment, 32 (13%) suffered a recurrent stroke during follow-up. 
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Mean change in functional and motor scores of the estimates between the 4 time points are presented in Table 2 . There was a 13% to 19% significant increase (P<0.0001) in mean functional and motor scores between admission and 2 months after stroke. Comparing 2 and 6 months after stroke, there was a further improvement (P<0.0001) for all variables, but with a slower rate (6% to 9%) of improvement. Between 6 months and 5 years after stroke, there was a significant decrease of 5% to 10% in mean BI, RMA-GF, RMA-LT, and RMA-A scores (P<0.0001). The change in mean scores of the estimates between 2 months and 5 years after stroke showed no statistical and no clinical difference, as the 95% confidence interval (mean estimate±1.96×SD) of the change scores are all considered measurement error and not exceeding the threshold of minimal clinical important difference. Table 3 shows the influence of age, stroke severity, sex, and type of stroke on functional and motor outcome at the 4 measurement points: admission, 2 months, 6 months, and 5 years after stroke. First, a statistically significant effect (P<0.0001) of age on the BI, RMA-GF, and RMA-LT scores on all 4 time points was shown. For the RMA-A scores, age was only of significant influence on admission (P=0.002) and at 5 years post stroke (P=0.019). A higher age negatively affected functional and motor score. For example, as the age increases by 1 year, the estimated score on the BI decreases with 0.45 (out of 100) on admission and with 0.87 (out of 100) at 5 years post stroke. Second, a statistically significant influence (P<0.0001) of stroke severity on all 4 outcome measures, at all 4 time points was seen. Increasing stroke severity negatively affected functional or motor scores. For example, because the NIHSS score increases by 1 point, the estimated score on the BI is 4.07 (out of 100) lower on admission and 2.97 (out of 100) lower at 5 years post stroke. Third, sex was only significantly (P=0.016) associated with RMA-GF on admission, with a positive score reflecting a higher mean score for males compared with females. Finally, type of stroke was significantly related to RMA-A scores on admission (P=0.015), 2 months (P=0.002), and 6 months (P=0.001) post stroke. The negative estimates indicate a higher mean score for patients with ICH compared with cerebral infarction. Figure 2 shows the estimates of recovery patterns of the outcome measures, graphically presented for mean age at stroke onset and mean stroke severity on admission. Similar patterns were found for both motor and functional recovery.
Characteristics of the patients assessed at 5-year follow-up are provided in Table I in the online-only Data Supplement. At 5 year post stroke, 33% of the patients had depression and 29% had anxiety disorders. Twenty percent of the caregivers indicated that the care of the patient was a global burden. Eighty percent of the patients visited their general practitioner occasionally during the last year in relation to their stroke, whereas only 4% of the patients did this on a weekly basis. A total of 29% of the patients visited the physical therapist weekly and 8% only occasionally. Therefore, 63% did not receive any physical therapy over the past year. A total of 83% of the patients were living in a community setting, and 17% was institutionalized. When comparing these characteristics and the level of functional and motor outcome at 5 years between patients living in a community setting and patients being institutionalized, we see that patients being institutionalized have significantly worse functional and motor performance, received more physical and occupational therapy during the last year, and have more often dementia compared with patients living in the community setting (Table II in 
Discussion
This longitudinal, European multicentre study revealed a significant deterioration in long-term functional and motor outcome between 6 months and 5 years after stroke. Interestingly, this study showed that functional and motor outcome at 5 years was equal to outcome at 2 months after stroke. Increasing age and increasing stroke severity The most important finding of our study is that the level of functional and motor performance at 5 years post stroke was equivalent to the level measured at 2 months. This study supports the importance of intensive stroke rehabilitation in the first weeks after stroke, by the fact that the level of functional and motor performance at 2 months was similar to the level at 5 years. Although intensive inpatient stroke treatment during the first 2 months is highly recommended, one can question whether it would be desirable to reconsider the content and intensity of the treatment afterward, yet only small clinically significant changes are to be expected. To further maintain or improve the level of long-term motor and functional performance, different models of intermittent training, such as constraint-induced movement therapy, 26 or home-based selfdirected therapy with technology support 27 may be a useful alternative to ongoing traditional rehabilitation. This needs to be further addressed in future research, assessing both the clinical effectiveness and economic considerations of novel long-term rehabilitation approaches.
Previous results from the CERISE cohort 28 showed that at 6 months post stroke, >50% of the patients still received physiotherapy and 25% received occupational therapy. This study showed that ≈30% of patients received weekly physiotherapy during the last year of follow-up. In theory, in Belgium, Germany, and Switzerland, access to insurance funded rehabilitation can be continued for many years, both for institutionalized-and community living patients, depending on functional disability level and insurance type. However, with the data we have available, we cannot ascertain that the rehabilitation services patients receive at 5 years post stroke are directly related to their first-ever stroke. Other indications might also be the underlying reason why patients receive therapy. At present, little information is available on the duration, frequency, and content of long-term rehabilitation programs across Europe, as well as on the effectiveness of current models. Future studies are needed to map the content and intensity of the current treatment after inpatient rehabilitation across Europe and to evaluate the effect of novel therapy approaches after 6 months post stroke, both from a clinical and an economical perspective, to optimize long-term outcome after stroke.
Our results about the significant deterioration in long-term outcome are consistent with results from other small long-term follow-up studies, investigating recovery patterns after stroke rehabilitation. 8, 9 Reutter-Bernays and Rentsch 8 documented a nonsignificant decline of 11% in mean BI between discharge (median time of hospitalization, 96·5 days) and several years of follow-up. Lofgren et al 9 found a significant decrease of 13% in median score on the Fugl-Meyer motor assessment between discharge from a geriatric rehabilitation unit and 3 
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June 2015 years later. No significant changes were found about ADL ability, measured with the Katz ADL index. This discrepancy probably reflects the learning of compensation mechanisms during ADL activities. Furthermore, our long-term results need to be interpreted according to normative data on healthy elderly people because a slight deterioration in performance was also seen in a community-dwelling, elderly sample over a period of several years. Hébert et al 29 found a small, statistically significant functional decline over a 2-year period, more specifically in instrumental ADL, but these small changes were not clinically significant, and their study sample was on average 10 years older than our sample. In addition, in our study, only basic personal ADL activities were reported, in which less natural decline would be expected.
Our study showed that patient characteristics had an important influence on recovery. Age and stroke severity on admission were not only strongly associated with functional outcome within the first months after stroke, as reported in previous literature, 14 but remained equally important predictors of both functional and motor outcome several years after stroke. Furthermore, up to 6 months post stroke, ICH survivors showed better motor recovery of the arm compared with patients with cerebral infarction. Our findings did not confirm previous literature indicating that ICH survivors show better functional recovery compared with patients having cerebral infarction. 15, 16 This discrepancy in results might be explained by the instrument used to assess functional outcome. In this study, functional recovery was assessed using the BI, assessing patients' level of dependency in basic activities of daily living. This is distinct from the functional independence measure that was used in previous studies and that assesses both physical and cognitive disability. Finally, our study showed that recovery was similar for both men and women after stroke. This is in contrast to previous findings, 13 suggesting that sex differences may be present at stroke onset, remain over several years after stroke, with women generally having worse functional outcomes. The causes of sex differences in functional outcomes are most often explained by the fact that, compared with men, women are older and have worse prestroke function. In our study, prestroke BI scores were equivalent for both genders, which may explain the similar recovery patterns for both men and women.
Some limitations need to be considered. First, recovery was estimated up to 5 years after stroke. However, the time points between 6 months and 5 years were missing. Therefore, we were not able to describe a full pattern of recovery or to determine where the improvement in outcome ends and deterioration starts. Future studies should shorten the intervals between outcome measurements to reveal the turning points in the recovery pattern. Second, the statistical analysis included all patients who were recruited because our main research question was to examine the long-term recovery patterns. Consequently, estimates were made for patients who died during follow-up. Nevertheless, exploratory statistical analysis performed on complete cases, that is, patients who created data at all time points, led to similar results (not presented in the results). Third, in large cohort studies, small differences may become statistically significant because of the large sample size, but do not necessary reflect clinically significant differences. Fourth, this study is not able to provide information for individual prediction for every patient, as it needs further validation in another cohort to be used as a prediction tool. Next, patients were recruited from 4 European rehabilitation centers. This leads to a homogeneous European stroke population in first world nations. Therefore, generalizability of the study findings to third world countries remains uncertain. Finally, the time of admission to the rehabilitation center varied between 1 and 6 weeks after stroke onset. Patients admitted to the rehabilitation center at 6 weeks after stroke may have had a more severe stroke, and may have been in a medically unstable condition, compared with those who were admitted earlier. To overcome this possible bias, we corrected for stroke severity in the linear mixed model analysis. However, the time of admission is important for healthcare providers because many questions arise from patients, relatives, and caregivers about future prognosis. Still, to the best of our knowledge, this is the first large cohort study providing long-term outcome after stroke rehabilitation collected in different European centres. Through the use of a mixed model analysis, we were able to make a good estimation of different aspects of motor and functional recovery of this large cohort of patients with stroke.
Summary
In conclusion, our results show that long-term functional and motor outcome after stroke rehabilitation was equivalent to functional and motor performance at 2 months after stroke. Importantly, new strategies need to be identified to improve long-term outcome. Future research should concentrate on assessing both the clinical effectiveness and economic considerations of novel long-term rehabilitation approaches.
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